Introduction {#S0001}
============

Nowadays, outpatient parenteral antimicrobial therapy (OPAT) is increasingly utilized as such a modality has led to patient satisfaction without compromising the treatment outcomes.[@CIT0001]--[@CIT0005] However, studies have shown that around 30% of parenteral antimicrobials of community-based parenteral anti-infective therapy could be avoided.[@CIT0006],[@CIT0007] Avoiding unnecessary use of antimicrobials may prevent the emergence of drug resistance, decrease *C.difficile* infections, avoid adverse drug reactions as well as superinfection, and provide cost-savings.[@CIT0008]--[@CIT0011] To evaluate whether antimicrobial stewardship should be implemented for parenteral antimicrobials at hospital discharge, the characteristics of those prescriptions should be recognized.

Maharaj Nakorn Chiang Mai Hospital is an affiliated hospital of the Faculty of Medicine, Chiang Mai University. It is a 1400-bed tertiary care referral center in the northern part of Thailand. Infectious disease consultation is not mandated for intravenous antimicrobial prescriptions at hospital discharge, either as OPAT or transition of care to a community hospital. We, therefore, conducted this study aimed to evaluate the appropriateness of those prescriptions.

Materials and Methods {#S0002}
=====================

Study Setting, Design, and Population {#S0002-S2001}
-------------------------------------

A retrospective cross-sectional study was conducted among patients receiving care at the internal medicine units of the Maharaj Nakorn Chiang Mai Hospital from November 1, 2015 to April 30, 2016. The medical records of patients aged ≥18 years old who were prescribed intravenous antibiotics at hospital discharge were reviewed by an infectious diseases (ID) specialist. The patients were excluded if they were already evaluated by an ID specialist during hospital admission. The inappropriateness was defined as: 1) no indication for antibiotic use i.e. non-infectious causes of fever, 2) IV antibiotics can be switched to oral antibiotics, 3) ineffective against isolated pathogens, 4) choice of antibiotic can be de-escalated to narrower spectrum, 5) incorrect dosage, and 6) incorrect duration (too short or too long).

Data collection {#S0002-S2002}
---------------

Demographics (e.g. age, sex, underlying diseases), sites of infection, microbiological test results, intravenous antibiotic prescriptions and their appropriateness were collected.

Statistical Analysis {#S0002-S2003}
--------------------

Data were presented as mean ± SD, median and IQR, and number (%) as appropriate. Comparisons between the appropriate and inappropriate groups were compared using Student's *t*-test or Mann Whitney-*U* test for continuous data, and Chi-2 test or Fisher's exact test for categorical data. All statistical analyses were performed using Stata statistical software version 10.0 (Stata Statistical Software: Release 10.0, Stata Corporation, College Station, TX, 2007). A two-sided test was used to indicate statistical significance at a p-value of \< 0.05.

The study was approved by the Research Ethics Committee 1, Faculty of Medicine, Chiang Mai University; certificate of approval number 173/2016. The informed consent from participants was exempt as the study retrieved the data retrospectively from medical records and no procedure was performed in addition to the standard of care. The personal information were kept confidentiality and only authorized person was able to access to the document. The study was complied with the Declaration of Helsinki.

Results {#S0003}
=======

Baseline Characteristics {#S0003-S2001}
------------------------

One hundred and forty-seven patients were prescribed intravenous antibiotics at hospital discharge, 30 were excluded as an ID specialist was consulted during hospital admission. One hundred and twenty-nine prescriptions for 117 patients were reviewed. Forty-four patients (37.6%) were males and the median age was 60 years (IQR 50, 74). Common underlying diseases were hypertension (36 patients, 30.8%), solid malignancy (33 patients, 28.2%), heart diseases (25 patients, 21.3%), diabetes mellitus (24 patients, 20.5%), and chronic kidney disease (24 patients, 20.5%). The three most common infections were the upper urinary tract infection (40 patients, 34.2%), hepatobiliary tract infections (18 patients, 15.4%), and pneumonia (14 patients, 12.0%). ([Table 1](#T0001){ref-type="table"})Table 1Characteristics of 117 Patients Receiving Intravenous Antibiotics at Hospital DischargeCharacteristicsNumber of Patients (%) (N=117)Age (years, median, IQR)60 (50,73)Males44 (37.6)Underlying diseases Hypertension36 (30.8) Solid malignancy33 (28.2) Heart disease25 (21.3) Diabetes mellitus24 (20.5) Chronic kidney disease24 (20.5) Cirrhosis9 (7.7) Systemic lupus erythematosus7 (6.0) Hematologic malignancy4 (3.4) Chronic obstructive pulmonary diseases4 (3.4)Diagnosis for intravenous antibiotics Upper urinary tract infection40 (34.2) Hepatobiliary tract infections18 (15.4) Pneumonia14 (12.0) Fever of unknown etiology10 (8.6) Skin and soft tissue infection7 (6.0) Catheter-related bloodstream infections6 (5.1) Septic arthritis6 (5.1) Spontaneous bacterial peritonitis4 (3.4) Tracheobronchitis3 (2.6) Febrile neutropenia3 (2.6) Gastroenteritis2 (1.7) Bacteremia2 (1.7) Central nervous system infection1 (0.9)[^1][^2]

Microbiology {#S0003-S2002}
------------

Overall, the most common pathogens isolated from urine were *Escherichia coli* (26/37 patients, 70.2%), followed by *Klebsiella pneumoniae* (4/37 patients, 10.8%). The most common pathogens isolated from blood were *Escherichia coli* (16/33 patients, 48.5%), followed by *K.pneumoniae* (5/33 patient, 15.2%) and *Streptococcus* spp. (5/33 patient, 15.2%). ([Table 2](#T0002){ref-type="table"})Table 2Pathogens Isolated from Urine and Blood of 117 PatientsPathogensNumber (%) (N=117)Pathogen identified from urine culture37 (31.6) *Escherichia coli* (total)26 (70.2) ESBL-producing *E.coli*19 (51.3) ESBL-producing *K.pneumoniae*4 (10.8) *Enterococcus faecalis*2 (5.4)Pathogen identified from hemoculture33 (28.2) *E. coli* (total)16 (48.5) ESBL-producing *E. coli*6 (18.2) *K. pneumoniae* (total)5 (15.2) ESBL-producing *K. pneumoniae*1 (3.0) *Streptococcus* spp.5 (15.2) Other gram-negative bacteria3 (9.1) *Staphylococcus aureus* (total)2 (6.0) Methicillin-susceptible *S. aureus*1 (3.0) *Eneterobacter cloacae*1 (3.0) *Salmonella* spp.1 (3.0)[^3]

Intravenous Antibiotics Prescriptions {#S0003-S2003}
-------------------------------------

Twelve patients received more than one intravenous antibiotic. The most common intravenous antibiotic prescription was ceftriaxone (47 prescriptions, 36.4%), followed by ertapenem (26 prescriptions, 20.1%), and meropenem (14 prescriptions, 10.8%). ([Table 3](#T0003){ref-type="table"})Table 3Intravenous Antibiotics at Hospital DischargeAntibioticsNumber of Prescriptions (%) (N=129)Β-lactams Ceftriaxone47 (36.4) Ertapenem26 (20.1) Meropenem14 (10.8) Piperacillin/tazobactam9 (7.0) Ceftazidime5 (3.9) Ampicillin5 (3.9) Cefazolin3 (2.3) Amoxicillin/clavulanate2 (1.6) Imipenem/cilastatin2 (1.6) Penicillin G sodium1 (0.8)Metronidazole7 (5.4)Vancomycin4 (3.1)Ciprofloxacin2 (1.6)Clindamycin1 (0.8)Gentamicin1 (0.8)

Appropriateness of Intravenous Antibiotics Prescriptions {#S0003-S2004}
--------------------------------------------------------

One hundred and ten prescriptions (85.3%) were judged as inappropriate by an ID specialist. The reason of inappropriateness was due to failure to switch to oral antibiotics (68 prescriptions, 52.7%), and incorrect duration (21 prescriptions, 16.3%). ([Table 4](#T0004){ref-type="table"}) No factor was associated with the appropriateness of prescriptions.Table 4Appropriateness of Intravenous Antibiotics for 129 PrescriptionsAppropriatenessNumber of Prescriptions (%) (N=129)Inappropriate use110 (85.3) No indication for antibiotic use14 (10.9) Can switch to oral antibiotics68 (52.7) Ineffective against isolated pathogens1 (0.8) Can be de-escalated to narrower spectrum14 (10.9) Incorrect dosage1 (0.8) Incorrect duration21 (16.3)

Discussion {#S0004}
==========

This study demonstrated that 85% of intravenous antimicrobials at hospital discharge were inappropriate and at least 64% of them could be avoided (i.e. no indication for antibiotic use, can switch to oral antibiotics, and if duration was too long), comparable to previous reports.[@CIT0001],[@CIT0012]--[@CIT0014] The most common reason of inappropriateness was a failure to switch to oral antibiotics (53%). As the three most common diagnoses were upper urinary tract infection, hepatobiliary tract infection, and pneumonia, all had no contraindication for switching to oral antibiotics.[@CIT0015] Although ESBL-producing enterobacteriaceae may be responsible for those diagnoses, these pathogens accounted for only 18% of the total patients. In addition, some antibiotics with high bioavailability i.e. ciprofloxacin and metronidazole can be switched to oral antibiotics, but there was a failure to do so. The second most common reason for inappropriateness was incorrect duration (16.3%). For example, the duration of treatment for complicated urinary tract infections was too short, or antibiotics can be discontinued due to complete course of treatment. The third and fourth most common reasons for inappropriateness were no indication for antibiotic use as the causes of fever were non-infectious etiology and failure to de-escalate antibiotics to a narrower spectrum (10.9% each). Maintaining "a unique value" in our hospital environment i.e. 7 days, 10 days, or 14 days of treatment may have an influence on the duration of antimicrobials. Even if the clinical picture was great enough to discontinue antibiotics, they were prescribed until that unique value was reached. Antibiotics, sometimes, could be de-escalated to a narrower spectrum, but the physicians were reluctant to narrow down as the patients were clinically stable with those particular antibiotics. Other study reported that 1--11% and 9--39% of planned OPAT can be discontinued and de-escalated to oral antimicrobials, respectively.[@CIT0001],[@CIT0012]--[@CIT0014] In addition, incorrect choices, doses, and duration of OPAT were reported in 30%, 11%, and 7%, respectively.[@CIT0014]

The most common intravenous antibiotic prescription was ceftriaxone, followed by ertapenem due to ease of administration. These two antibiotics are also effective in the treatment of the most common pathogens responsible for the two most common sites of infection i.e. upper urinary tract and hepatobiliary infections. On the other hand, the most common antibiotics for community-acquired skin and soft tissue infections that required intravenous antibiotics as OPAT were cefazolin and ceftriaxone.[@CIT0016] Frequently used antibiotics depended on the clinical diagnoses of that particular study.[@CIT0017]

This study revealed room for improvement in antimicrobial stewardship for antibiotics at hospital discharge either to community-based management or OPAT. Although we have not conducted a well-designed study to demonstrate the value of ID consultation for this kind of prescription, the previous studies have existed.[@CIT0006],[@CIT0007],[@CIT0014] An ID specialist, by theoretically, prescribed antimicrobials more appropriately than non-ID physicians. Therefore, ID consultation should be considered for intravenous antibiotics at hospital discharge as one of the strategies for antimicrobial stewardship.

This study has several limitations. First, due to the nature of the retrospective study, some information may be missing and may lead to misinterpretation. Second, only patients in the internal medicine department were evaluated. It would be interesting to evaluate the appropriateness of intravenous antibiotics prescribed at hospital discharge in another department, as a study from Thailand reported that the inappropriateness of antibiotics prescription was higher in the Department of Surgery, and Department of Obstetrics and Gynecology.[@CIT0018] Knowing the extent of the problem in the hospital may help to design and implement a strategy of antimicrobial stewardship program for particular units.

Conclusions {#S0005}
===========

The inappropriateness of intravenous antibiotics at hospital discharge was high during the study period. ID consultation or a well-designed antimicrobial stewardship program should be considered as an effective way to reduce the inappropriateness of those prescriptions.
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[^1]: **Notes:** Data are presented as number (%), or median (IQR) as appropriate. Hepatobiliary tract infections included liver abscess, cholangitis, post-operation of endoscopic retrograde cholangio-pancreatography. Pneumonia included community-acquired pneumonia, hospital-acquired pneumonia, healthcare-associated pneumonia, and obstructive pneumonitis. Skin and soft tissue infections included cellulitis, abscess, infected wound, and infected skin and soft tissue around permanent pacemakers. Infections of the central nervous system included meningitis, and brain abscess.

[^2]: **Abbreviation:** IQR, interquartile range.

[^3]: **Notes:** Nine patients had the same organisms in urine and blood cultures i.e. four for *E. coli*, four for ESBL-producing *E.coli*, and one for ESBL-producing *K.pneumoniae.*
